Summary. Twenty isolates of Salmonella typhi from cases of typhoid during the 1989-1990 epidemic in Calcutta were examined. Most isolates (84% of all isolates in the epidemic) were resistant to chloramphenicol, ampicillin, tetracycline and streptomycin but were sensitive to nalidixic acid and ciprofloxacin. Plasmids of 120 kb and 14 kb were identified amongst the multi-drug resistant isolates of S. typhi. However, there was no plasmid in the antibioticsensitive isolates. The 120-kb plasmid was transferable and transconjugants were resistant to chloramphenicol, ampicillin, tetracycline and streptomycin. Restriction endonuclease analysis patterns after EcoRI digestion of the 120-kb antibiotic-resistance plasmids from the S. typhi isolates and transconjugants were similar.
Introduction
Typhoid is one of the most widespread of all bacterial diseases in eastern India. We have isolated Salmonella typhi from patients with typical symptoms of typhoid fever' in a typhoid epidemic in Calcutta; 201 isolates were obtained from patients aged 2-60 years, most of whom presented with sudden onset of remittent fever and (about 2.5% came to hospital with jaundice and lower gastrointestinal bleeding). S. typhi was isolated from blood cultures in 175 cases; 26 patients were treated on clinical suspicion alone. All the strains were of phage type 51. Previous reports have indicated that treatment with chloramphenicol reduced the mortality rate of typhoid.2 However, early treatment seemed to increase the incidence of relapses.2* It has been reported that permanent recovery without relapse depends on the development of effective host immunity.4* ' Several workers have suggested that genetic factors are also important in susceptibility to typhoid in In most of the cases reported from Calcutta during 1989-1990, there was no response to treatment with chloramphenicol. The aim of the present study was to identify the genetic determinants of chloramphenicol resistance in S. typhi.
Materials and methods

Bacterial strains and media
S. typhi isolates from 20 patients with typhoid were obtained from Dr S. K. Chatterjee and Dr V. K. Kataria of Command Pathology Laboratory (E.C.) Alipore, Calcutta and several strains were isolated from patients from the Salt Lake and Calcutta areas. All the isolates were identified as S. typhi by biochemical and serological tests. Plasmids of Escherichia coli K12 strain V517 were used as standards for determination of the sizes of plasmids extracted from S. t y~h i .~ E. coli strain KL318 (F-, Pro-48, trp A9605, his-85, met E 70, tro R 55, lac I 22, azi 9, nal A19, rps L 171, A -) was kindly supplied by Dr S. Palchoudhury, Wayne State University. The strains were grown in Tryptic Soy Broth (TSB; Difco) and on Tryptic Soy Agar (TSA; Difco).
Antimicrobial susceptibility testing
Antibiotic susceptibility tests were performed by the disk-diffusion method. Overnight (1 8-h) cultures in TSB were diluted 1 : 500 in fresh TSB and spread on TSA plates. The antibiotics were used at the following disk concentrations; chloramphenicol (Cm), 30 pg ; ampicillin (Ap), 30 pg; tetracycline (Tc), 30 pg; streptomycin (Sm), 30 pg; nalidixic acid (Nal), 30 pg; ciprofloxacin (Cif), 2 pg.
Conjugation conditwns
Donor (S. typhi) and recipient (E. coli KL318) strains were grown separately to exponential phase-(1-2) x lo8 cfu/d. In all conjugation experiments, 0.1 ml of a solution of DNAase I (Sigma) 1 mg/ml was added to both the donor and recipient cultures 10 min before mixing. Samples (0.1 ml) of the donor cultures were gently mixed with 0.9ml of recipient E. coli KL318 culture and the mixture was incubated statically for 2 h at 37°C. At the start of the conjugation period, samples of diluted donor and recipient cultures were plated separately on TSA plates with and without antibiotics. At the end of the incubation period the conjugation mixture was washed, diluted and spread on TSA plates containing Cm 30mg/L and Nal 30 mg/L.
Isolation of plasrnid DNA and restriction endonuclease analysis S. typhi strains, E. coli KL3 18, transconjugants and E. coli V5 17 were grown in 5 ml of TSB medium with constant shaking for 18 h at 37°C. The cells were harvested by centrifugation at 5000 rpm for 10 min and washed with TE buffer (pH 7-9). The plasmids were isolated by the procedure of Kado and Liu." Plasmid DNA of epidemic strains, donor and transconjugant were purified and then digested with EcoRI (BRL) as described by Maniatis et al." A DNA Hind I11 digest (Sigma) was used as a control for size determination. After electrophoresis, gels were stained with ethidium bromide and photographed. l 1
Conjugal transfer of Cm' plasrnid and restriction endonuclease analysis
Conjugation in mixed broth cultures is an efficient means of transferring plasmids to a new host for identification. Cm' donor S. typhi and plasmid-less recipient E. coli KL318 were mixed in a ratio of 1 : 9 for the conjugation experiment. The frequencies of transfer of Cm resistance determinants were calculated as numbers of transconjugants per donor; they were found to average 3 x lo-'. The antibiotic-resistance patterns of 100 transconjugants were examined; all were resistant to Cm, Ap, Tc and Sm. Plasmid profiles from more than 25 transconjugants were examined after agarose gel electrophoresis and each showed only one 120-kb plasmid DNA band corresponding with the donor S. typhi bands. Plasmid DNA profiles from donor, recipient and one representative of the transconjugant strain are shown on a representative agarose gel ( fig. 1) . The transconjugants had a tendency to lose plasmids. However, in 20% of Cm' transconjugants containing the 120 -kb plasmid the character was stable. Restriction endonuclease digestion with EcoRI of the 120-kb Cm' plasmids of the epidemic strains of S. typhi (donor) and transconjugants demonstrated that they were identical ( fig. 2) .
Results
Discussion
Antimicrobial activity and plasrnid profiles
Of S. typhi strains isolated from typhoid cases in Calcutta €989-1990, 84% were resistant to Cm, Ap, Tc, Sm but sensitive to Nal and Cif. However, 16% of strains were sensitive to all these antibiotics. The plasmid profiles of representative strains were examined by agarose gel electrophoresis. All the Cm' strains contained only two plasmids, of 120kb and 14kb. There was no plasmid in any of the sensitive strains of S. typhi. Plasmid profiles of representative isolates of S. typhi are shown in fig. 1 . Two distinct groups of S. typhi were isolated from cases of typhoid in Calcutta (1989-1990)-0ne antibiotic sensitive and the other multi-resistant. Plasmidless strains were sensitive to Cm, Ap, Tc and Sm whereas resistant isolates contained two plasmids (120 kb and 14 kb). Conjugation experiments demonstrated the transfer of a 120-kb plasmid from S. typhi to E. coli and we may conclude that the 120-kb plasmid encoded Cm, Ap and Tc resistance determinants. E. coliKL3 18 has a resistance determinant to Sm resulting from the presence of locus rpsL171. Therefore the Sm' character of the transconjugants cannot be distinguished as plasmid mediated as it may derive entirely from the rpsL171 locus of the recipient. The Cm' strains of S. typhi must have evolved as a result of the indiscriminate use of chloramphenicol. Previously it was also observed that the Ap' character was acquired by Shigella dysenteriae type 1 when ampicillin was used randomly during the West Bengal (India) epidemic of 1984.12 All the S. ? p h i strains isolated during the recent epidemic in Calcutta were phage
